The AFFIRM Investigators* Background-The AFFIRM Study showed that treatment of patients with atrial fibrillation and a high risk for stroke or death with a rhythm-control strategy offered no survival advantage over a rate-control strategy in an intention-to-treat analysis. This article reports an "on-treatment" analysis of the relationship of survival to cardiac rhythm and treatment as they changed over time. Methods and Results-Modeling techniques were used to determine the relationships among survival, baseline clinical variables, and time-dependent variables. The following baseline variables were significantly associated with an increased risk of death: increasing age, coronary artery disease, congestive heart failure, diabetes, stroke or transient ischemic attack, smoking, left ventricular dysfunction, and mitral regurgitation. Among the time-dependent variables, the presence of sinus rhythm (SR) was associated with a lower risk of death, as was warfarin use. Antiarrhythmic drugs (AADs) were associated with increased mortality only after adjustment for the presence of SR. Consistent with the original intention-to-treat analysis, AADs were no longer associated with mortality when SR was removed from the model. 
T he Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) Study compared 2 long-term treatment strategies for atrial fibrillation (AF) in patients who had a high risk of stroke or death. [1] [2] [3] Patients were randomized to either a rhythm-control strategy of cardioversion and treatment with antiarrhythmic drugs (AADs) to maintain sinus rhythm (SR) or a rate-control strategy that allowed AF to persist while the ventricular response to AF was controlled. Anticoagulation was used in both arms of the study and was encouraged even if SR was thought to have been maintained, although warfarin could have been discontinued in the rhythm-control group after a minimum of 4 (and preferably 12) weeks of apparently constant SR. In the primary intention-to-treat analysis, the AFFIRM Study showed that management of AF with the rhythm-control strategy offered no survival advantage over the rate-control strategy and that there were potential advantages, such as lower risk of adverse drug effects, with the rate-control approach. Crossovers between strategies and subsequent return to the original strategy were common. 3 In a series of trials assessing the efficacy and safety of dofetilide to treat AF, the Danish Investigations of Arrhythmia and Mortality on Dofetilide (DIAMOND) studies showed that patients who had SR either with or without AAD therapy had a superior prognosis compared with patients with continued AF. 4 Thus, the possibility arose that the presence or absence of SR itself, rather than treatment strategy, is responsible for outcome.
The purpose of the present analysis was to assess further the relationship of survival to cardiac rhythm and treatment in the AFFIRM Study. Whereas the primary analyses in the AFFIRM Study were performed according to the randomized treatment strategy assignment by the intention-to-treat principle, the present study evaluated patients according to the actual treatment they received. Because a patient's treatment strategy could change over the course of the study, this analysis used time-dependent covariates to evaluate the impact of variables that changed over time. Time-dependent treatment variables included rhythm-control drugs, ratecontrol drugs, and anticoagulation with warfarin. The presence of SR was also included as a time-dependent covariate.
Methods
The AFFIRM Study compared survival in patients with AF at high risk for stroke or death treated with a rate-control versus a rhythmcontrol strategy. At enrollment, patients had to have been either Ն65 years of age or Ͻ65 years with at least one of the following risk factors for stroke or death: hypertension, diabetes, congestive heart failure (CHF), previous stroke, previous transient ischemic attack (TIA), systemic embolism, left atrial (LA) size Ն50 mm by echocardiography, left ventricular (LV) ejection fraction Ͻ0.40, or LV fractional shortening Ͻ25%, determined by any technique. All patients gave informed consent to participate in the AFFIRM Study; all procedures followed institutional guidelines, and all participating institutions received approval from their respective Institutional Review Boards. In all, 4060 patients were randomized over a 4-year period that ended on October 31, 1999. Follow-up ended October 31, 2001. The mean duration of follow-up was 3.5 years, with a maximum of 6 years. The primary study results were reported in 2002. 3 
Statistics
The most valid assessment of a randomized study is performed by "intention-to-treat analysis," as was used in the main AFFIRM Study report. 3 In that approach, patients are analyzed according to their assigned treatment, regardless of the treatment actually administered. Important advantages of that approach are that it maintains the baseline comparability between treatment groups achieved by randomization and prevents biases that can occur when patients stop or change their treatment strategy for reasons related to the end point of interest.
An alternative statistical approach is "on-treatment analysis." In this approach, patients are analyzed according to the actual therapy they received. The advantage of this method is that adverse events or outcomes are attributed to the treatment actually used. A disadvantage is that this method is inherently biased. For example, if sicker patients are prescribed one therapy more than another, adverse outcomes may mistakenly be attributed to the more frequently prescribed therapy rather than the underlying clinical condition of the patient. In the context of a parallel-design drug-treatment trial, on-treatment analysis may involve censoring of subjects at the moment therapy is changed. For AFFIRM, such an approach is inappropriate because there were often multiple changes of therapy during the long follow-up.
For this study, an on-treatment analysis was done using Cox proportional hazards regression with the evaluation of timedependent covariates. This method allows for drug therapies and heart rhythm to be evaluated as they change over time and for multiple covariates to be included in a statistical model to assess each variable's relationship to the primary end point (survival), after adjustment or control for the influence of the other covariates included in the analysis. 5 Six time-dependent covariates were entered in a Cox proportional hazards survival model: SR (ie, absence of AF) and the use of warfarin, digoxin, a ␤-blocker, calcium channel blocker, or rhythmcontrol drug. Calcium channel blockers included diltiazem and verapamil. Rhythm-control drugs included amiodarone, sotalol, and 6 class I AADs: disopyramide, flecainide, moricizine, procainamide, propafenone, and quinidine.
Individual rate-control drugs (digoxin, ␤-blockers, and calcium channel blockers) were included as separate covariates in the analysis. Rhythm-control drugs, however, were grouped together rather than included as separate covariates because of bias associated with protocol-recommended differences in how the specific drugs were prescribed. For example, the study protocol advised against prescribing class I AADs for patients with CHF or coronary artery disease and recommended that another AAD (eg, amiodarone) be used for patients with these conditions. Each patient's heart rhythm and treatment (ie, the time-dependent covariates) were determined at baseline and at various time points over the course of follow-up. Follow-up forms were completed at 2 and 4 months after randomization and every 4 months thereafter until the patient died, was lost to follow-up, or completed the study. Specific start and stop dates for the presence of SR and for use of the various drugs were not recorded. Instead, responses on the follow-up form indicated whether the patient had been in AF or had used a particular drug since the previous follow-up. A patient was considered to have maintained SR or to have used a drug if it was recorded as such on the most recent available form before the time point of interest.
In addition to the 6 time-dependent covariates, 12 baseline variables were included in the analysis to adjust for these factors and to assess their relationships to survival. Baseline variables included age at enrollment in the study; sex; a history of coronary artery disease, CHF, hypertension, diabetes, and stroke or TIA; a recent history of smoking; qualifying for inclusion in the study with a first (versus recurrent) episode of AF; LA enlargement (Ͼ4.0 cm); LV dysfunction (ejection fraction Ͻ50%); and mitral valve regurgitation (Table 1) .
Following a backward stepwise approach, covariates were removed from the model until the probability value of all remaining covariates was Ͻ0.01. The significance level of 0.01 was chosen over the less restrictive 0.05 level because of the relatively large number of covariates entered into the model.
Because echocardiograms were performed for only Ϸ75% of patients, a second analysis was done that excluded the echocardiographic variables (ie, LA enlargement, LV dysfunction, and mitral valve regurgitation). Excluding the echocardiographic data increased the sample size and thus the statistical power and removed any potential bias introduced by selection for echocardiography. A time-dependent analysis does not lend itself to standard KaplanMeier survival plots. The relationship of time-dependent covariates with the survival end point can be estimated only in relative terms (ie, hazard ratios [HRs]). Absolute survival estimates for timedependent covariates cannot be computed because the patients associated with each category (eg, use of warfarin) change over time, making it impossible to compute baseline hazard functions.
Results
Data for 2796 patients were available for the analysis when the echocardiographic data were included. After stepwise elimination, 12 covariates remained. Probability values, HRs, and their 99% confidence limits for these 12 covariates are shown in Table 2 . The average (ϮSD) follow-up was 3.31 (Ϯ1.28) years. The average percent time in follow-up across all patients for each of the significant time-dependent variables was: on warfarin 84%, off warfarin 16%; on digoxin 43%, off digoxin 57%; on AAD 45%, off AAD 55%; and in AF 44%, in SR 56%.
The following baseline variables were significantly associated with an increased risk of death: increasing age (HRϭ1.06), history of coronary artery disease (HRϭ1.56), history of CHF (HRϭ1.57), history of diabetes (HRϭ1.56), history of stroke or TIA (HRϭ1.70), recent history of smoking (HRϭ1.78), LV dysfunction (HRϭ1.36), and mitral regurgitation (HRϭ1.36).
Among the time-dependent factors, SR, warfarin use, digoxin use, and rhythm-control drug use were significantly related to survival after adjustment for the other covariates retained in the model. The presence of SR was associated with a decreased risk of death (HRϭ0.53). Warfarin use was also associated with a decreased risk of death (HRϭ0.50). Digoxin was the sole rate-control drug retained in the model and was associated with an increased risk of death (HRϭ1.42). Neither the use of ␤-blockers nor the use of calcium channel blockers was significantly associated with survival. Use of rhythm-control drugs was associated with increased mortality after adjustment for the other covariates (HRϭ1.49).
Results were similar when the analysis was redone without the echocardiographic data, except that qualifying for inclusion in the study with a first episode of AF was associated with increased mortality (HRϭ1.27, Table 3 ). Data for 3677 patients were available for the analysis when the echocardiographic data were excluded.
Discussion
Since the publication of the intention-to-treat analysis of the AFFIRM Study, 3 inquiries have frequently been made regarding an "on-treatment" analysis. This report addresses those inquiries by presenting the results for the AFFIRM Study of a Cox proportional hazards regression for an on-treatment analysis of important drug therapies and the presence or absence of SR, all of which changed frequently over the course of the study.
In this analysis, the presence of SR was associated with a considerable reduction in the risk of death. These findings are consistent with those of the DIAMOND Study, in which the presence of SR throughout that trial was associated with improved survival. 4 Because of the retrospective, nonrandomized nature of the analyses, however, neither the DIA-MOND Study nor ours can distinguish whether SR is an important determinant of survival or a marker for other factors associated with survival that were not recorded, determined, or included in the survival model.
In this analysis, AAD use was associated with increased mortality. This association is not new. The proarrhythmic effects of encainide, flecainide, and moricizine were shown in the Cardiac Arrhythmia Suppression Trial (CAST). 6 -8 In the SWORD Trial, d-sotalol also increased mortality when given prophylactically after myocardial infarction. 9 Similarly, in the Stroke Prevention in Atrial Fibrillation (SPAF) Study, AADs prescribed for AF were associated with increased mortality. 10 
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Thus, the finding of decreased survival in the setting of AAD therapy is consistent with previous data. Despite the association of AADs with increased mortality, the present analysis does not necessarily indicate an overall deleterious effect of rhythm-control drugs on survival because it treats the presence of SR and AAD use as separate variables. In other words, AAD use had a deleterious effect on survival only after adjustment for the presence of SR. When the models were run without adjustment for SR, AADs were no longer associated with adverse outcomes. One hypothesis to explain these results is that the beneficial antiarrhythmic effect of these drugs (eg, maintenance of SR) on survival may be offset by the impact of their adverse effects (eg, toxicity, morbidity, and mortality, both cardiac and noncardiac). Analyzing the results by use of a statistical model that treats the presence or absence of SR as a separate factor may remove this beneficial part of the AAD profile, allowing the detrimental effects to be expressed. The finding in the AFFIRM Study that the risk of noncardiac death was higher in the rhythm-control arm 11 could be explained by noncardiac adverse effects of AADs. It is also possible that the observed outcome was a result of biases in the model that were not identified.
It might seem contradictory that, in the primary results of the AFFIRM Study, treatment strategy (rate-control versus rhythm-control) was not related to death, whereas in this analysis, the presence of SR was associated with a lower risk of death, and the use of AADs was associated with increased mortality. It is important to recognize, however, that this analysis includes the presence of SR and the use of AADs as separate variables, effectively separating the beneficial effects of SR and the detrimental nonantiarrhythmic properties of the rhythm-control drugs. When the SR variable is removed from the model, the beneficial antiarrhythmic effects are effectively restored to the rhythm-control drug variable, which then is no longer associated with increased mortality. This lack of association between AAD use and survival is comparable to the main results of the AFFIRM Study. 3 It should also be noted that, for some patients, SR was achieved in the absence of AADs.
The association of SR but not AADs with improved survival may reflect the fact that currently available AADs are neither highly efficacious nor completely safe. One could reasonably expect that a treatment that was highly effective in maintaining SR and had minimal adverse effects would have had a similar association with death as the time-dependent factor reflecting the presence of SR. In this regard, Pappone et al 12 recently reported that, unlike AAD therapy, circumferential pulmonary vein ablation provided symptomatic relief without increasing mortality in patients with symptomatic AF compared with an age-and sex-matched control cohort. Although their findings are seemingly consistent with those in our study, their patients were not randomized, and their demographics were different from those in the AFFIRM Study. Most importantly, a requirement for high risk for stroke or death was not an entry criterion. Like our findings, these data require confirmation by further randomized, controlled clinical trials.
Warfarin markedly reduced the risk of death. This finding is consistent with the unquestionable utility of warfarin in reducing strokes in high-risk patients, results found in multiple trials focused on anticoagulation. 13 Warfarin has also been shown repeatedly to reduce risk of death in coronary artery disease. 14 Thus, the salutary effect of warfarin may be multifactorial. Given that even patients on AAD therapy may have spontaneous and often undetected recurrences of AF, it is possible that all patients with AF would benefit from warfarin use regardless of the treatment strategy.
It was unexpected that the use of ␤-blocking agents did not appear to improve survival in this population because ␤-blockers have been shown to have a beneficial effect in other studies of coronary artery disease, myocardial infarction, hypertension, arrhythmias, and CHF. The lack of effect in AFFIRM could be explained by the confounding of outcomes by other factors, such as the frequent use in the rhythm-control arm of sotalol, propafenone, and amiodarone, all of which have some mild ␤-blocking properties, and the relatively low prevalence of coronary heart disease and CHF.
Digoxin was the sole rate-control drug that was significantly related to survival in this analysis. Like AADs, digoxin has been associated with increased death rates in other studies. In a retrospective analysis of data from the DIG Study, higher serum digoxin concentrations were found to be associated with increased mortality in patients with heart failure. 15 Rather than reflecting a deleterious effect of digoxin on survival, however, the present result may represent the prescription of digoxin for patients at greater risk of death, such as those with CHF. There may be other measured or unmeasured variables that influence physicians to choose digoxin.
Other factors traditionally considered to have a negative impact on survival also proved to be important in this analysis: age, coronary artery disease, CHF, diabetes, stroke or TIA, smoking, LV dysfunction, and mitral regurgitation.
In the model that excluded the echocardiographic parameters, qualifying for enrollment in the study with a first (versus recurrent) episode of AF was significantly associated with decreased survival. Risk factors for death were more prevalent among patients who qualified with their first episode of AF. These patients were more likely to have a history of myocardial infarction, CHF, and a lower LV ejection fraction. 2 
Limitations
This analysis was not planned at the outset of the AFFIRM Study and is therefore both retrospective and nonrandomized. Accordingly, it may suffer from hidden biases and other unidentified confounders. For example, differential prescription of drugs on the basis of patients' conditions may have biased the associations between treatment variables (eg, digoxin use) and mortality. Because the analyses did not involve randomized comparisons, they cannot demonstrate a cause-and-effect relationship of the various factors on the risk of death. Thus, the observations made in the present study must be considered to be hypothesis-generating.
Specific start and stop dates for the presence of SR and for use of the various drugs were not recorded. Instead, responses on the follow-up forms indicated whether the patient had AF or had used a particular drug since the previous follow-up. A patient was considered to have maintained SR or to have used a drug if it was recorded as such on the most recent form before the time point of interest. Furthermore, for many patients AF is paroxysmal. Accordingly, with intermittent determination of the presence or absence of AF, it was not possible to identify accurately all patients who were in SR throughout each follow-up period. These limitations in data recording potentially introduced error because a patient's rhythm and drug use at the time of an event were not known with certainty. However, the added error would be expected to weaken the association between the time-dependent variables and the survival end point, making it more difficult to detect significant associations, rather than falsely strengthening the effect of one type of rhythm or drug over another. Because of these data collection limitations and potential biases, we concluded that analysis of interactions and subgroups involving the time-dependent covariates could not be reliably performed.
In these analyses, only SR and drug therapy for AF were considered to be time-related events. However, other clinical factors may also have changed during the study as disease processes worsened, such as the degree of mitral regurgitation, LV dysfunction, LA size, and CHF status. The aggressiveness and success of heart failure therapies, non-arrhythmia-related drug therapy, the adequacy of anticoagulation, and blood pressure all may have changed over the course of the study. AF is most likely to recur in patients with unstable, new-onset, or progressive cardiac disease or other serious intervening illnesses. In the face of these potentially unmeasured changes, AF may appear to be a determining factor in causing death or other adverse outcomes, when it was really just a marker for progression of disease.
Finally, because including echocardiographic data substantially reduced the number of patients available for the analysis, separate analyses were performed with and without the echocardiographic data. Despite the possible bias and difference in sample size, and thus statistical power, between the 2 analyses, the results were similar.
Implications
In patients with AF such as those enrolled in the AFFIRM Study, warfarin use improves survival. The presence of SR but not AAD use is associated with a lower risk of death. These results suggest that if an effective method for maintaining SR with fewer adverse effects were available, it might improve survival.
